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Epeface

The work desoribed in this report is pertineat to
the projects designated by the War Department Liaison
Officer as AC-1, AC-36, and AC-48, and to ths projects
designated by the Navy Department Liaimon Officer as
NO-115, ¥0-174, and NO-235. This work was carried out
and reported by National Bureau of Stendards under a
transfer of funds from OSRD with the cooperation of the
Washington Radar Group of the Massachusetts Institute of
Technology and Section Redg of the Buresu of Ordnance,
Navy Department.
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The work described in this report is pertineat to
the projects designated by the War Department Liaison
Officer as AC~1l, AC-36, and AC-42, and to the projects
designated by the Navy Department Iliasison Officer as
RO-115, NO-174, and NO-235., This work was carried out
and reportsd by National Burean of Standards under a
transfer of funds from OSRD with the cooperation of the
Washington Redar Group of the Massachusetts Institute of
Technology and Section Redg of the Nuresu of Ordmanes,

Navy Department.
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AN AUTGMATIC PILOT FOR HOMING GLIDE-BOMBS

1. _Introduction

An automatic pilot was developed by the Natiocnal Burean
of Standards in connection with the guided missile projeets
sponscred at the Bureau by Division 5, National Defense
Ressarch Committee (Washington Project). This auto-pilos
has been used suscessfully to stabilize the glide dombs
developed at the National Bureau of Stanidards in connection
with this project, and as an integrel part of their ecantrel,
either as remote radio oontrolled or as homing bambs. The
production SWOD Mark 9 Mod O Bat was equipped with this
auto-pilot.

Barly flight tssts, conducted by the National Buresm of
Standards, proved that some means of sutomatically stabilis-
ing the glider was essential. The need for mtamatio stabi-~
nnumtnmu-nu-mnu:una-nntmsntaun
responds very quiskly to rolling mcments applied dy the .
ocontrol surfaces. Yurthermore, since it is impossidle %o
trim the glider perfectly defore it is launched from the
wother plans, an immediate corrective action by the eontrol
" surfeces is required whem the glider is launshed to balence
ihrﬁuu-ﬂntuuucnutulunhluhhuou
trim.

Certain basies reguirements restrioct the choies of aa

du—uoﬂutn“ﬂhtoﬁhpuﬁnhru»hm T™he
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auto-pilot must de capable of keeping the glider stabilised
without any tendeunsy to develop an undemped osecillation of
large amplitude. Also it must embody mesns for allowing the:
€lider to exesute, without capsizing corrective mansuvers as
directed by the intelligence device. The size and weight
of the mmto-pilot, together with ascessory equipment, mmst
be considerably less than that of any of the automatis pilots
oommonly used on airoraft. In addition, operational som-~
siderations make it desirable that the auto-pilot be rugged
and simple in coastrustion, that it require little or no re-
aljustaent in service, and that it operate satisfastorily
under extremss of high and low temperature and high umidity.
It must maintain its origina)l sdjustments after having desa
subjeotesd to ordinary handling during shipment over loag
distences ani after having bdeen stored for loug periois.
There are two types of gyroseopic movements whiok may
Yo used in amtomatio pilots: nsmely, the free-gyro type amd
the rate-gyro type. Ths free-gyro type contains a rotor
which is mounted in 4double gimbals so that the rotor axis
will saintain its orientation fixed in space, regardless of
changes in the orientation of the glider in space. There~
fore, the "piok-off* from a free-gyro type auto-pilot will
respond to angular deviations of the glider from a fixzed
reference plane in spase. This type of auto-pilet is .
essentlal if it 1is desired to make the glidexr 1y a pre-ses
CONFIDENTIAL '
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osurse witheut the aid of sorrectioca signals from some oAher
Seuree of imtelligemse. Although the fres gyro bas the
sdvantage of providiag a fixed reference plane in space fer
4he purpose of taking off somtrol imformation, it also has -
several dimsdvantages. A ocaging mechanism must be provided
%0 exrect the gyro rotor before the glider is released from
She mother plans, and $he mansuverability of the glider ia
.£14gh% 1s restricted te the angular limits of freedom pro-
vided in the gyro gimbals., If these limits are exceeded,

she gyroseepie roter “tumdles, and all stabdiliszation
informetion is lest. 7o &isocurage violent unismped oseil-
lations, the fres-gyre type of sutomatie pilot must insexpe-

Tate some 4ype of "fellow-up® mechanism whish, effectively, '
will displase the referense positiea fer taking off eomtrel -
infexmation from the gyre mevemens by ah ameunt Shat is
proportieaal te the amount of displasement en the contrel
surfases. The referenss position is &isplased in a du'ootm
whieh will tesd $0 cause the remeval of the oontrol applied .
‘%0 the comtrol surfases. If it is desired %o change ths
oourse of a free-gyro stabllized glider, the reference
pesition for "picking off® eentrol siguals is, in effect,
permansatly displaced in the proper direction and at g
safe rTate. .
e rate type of gyre embolies a movement whereia the

mummumn-m-nqum
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Instsad, the gyro is foroed te maintain the orientation of it
rotor axis fized with respect to the glider. When the glider
ohanges orientation so as to foros a changs in the omnmi-
of the rotor axis in spase, a precessionsl torque is created
whish tends to tilt the rotor axis about amother axis whiek
is perpsnifoulqr to0 both the retor axis and $e the axis abous
~whioh the glider changes its orientation. But since, in
astual sonstrustion, the rats gyro is built with its roter
axis suspenied in a singls spring-eentered gimbal, the roter
il free to precess about only one axis--the gimbal pivet axis,
Alse, a precession of the rotor can b prodused oaly by turm-
ing the instrument {thms the glider) about the axis whiek is
perpsndicular ts both the rotor axis and the gimbal pived -
axis, If the glider turns abous somes other axis, then ealy
the samponent of turn in the axis perpsadiocular to the reter
axis and the gimbal pivot axis is effective in producing a
precession of the rotor. If the rotationzl speed of the gyre
rsmains constant, the precessicual foxree is direotly proper-
tional to the rate of turn of the glider; and, of courss,

the direction of the precessional force dspends upon the
direction of turn of the gliasr.

The rate gyro has several advantages over the free gyro:
Sines the rate gyro movement is spring centered and is allowed
to dsflect only a small amount, mo oaging dsvice 1s Tequired
to erect the rotor. Furthermore it neosssitates no angular
CONFIDENTIAL
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limitation on the motion of the glider, because a rate gyro
rotor eannoct "tumble® or become ineffective. Singe the
Teaponse of the rate gyro to ochanges in attitude of the
Slider is much quioker than that of the free gyro, thare
need be no "follow-up® mechanimm to disoourage undsmped oseil-
lations. A rate-gyro control has no "mamory". It will give
information that oan oause the control surfaces to move so as
40 resist changes in the attitude of the glider, bdut once M
attitude has been changed, the gyro will try to kesp the
glider in its new attitude, rather than make the glider re-
sura to its original attitude. However, a "memory" is not
required when a homing device or other socurce of intelligence
is present whioh can give direotional oxrders to the gyro.

Upon the basis of the foregoing considerations, it was
deeided %0 use the rate Zyro as the basis for an automatie
pilet. As it was desired to develop the amtomatio pilot im
a periol of a fow months, it seemed imperstive that scme
already procurable instrument be modified for our purposes.
A standard airoraft turn indioator was chosen. This type of
4sstrument had been proven by years of service to be a rugged
and dependable instrument, under the identieal operational
esomditions required for the auto-pilot. In addition, the
modifieation required sesmed Trather simple and feasible,

In the early expsrimental work, standard Bendix turm

indiostors were modified Ny the laboratory shop or under
CONZIDPEETIAL
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sontract by Bumble 0il Compeamy. ILater the Bendix Aviation
Oorporation built the ocomponent gyros for the sutomatie
Pilot, redesigning the experimental model in certain details
to fasilitate production and to improve performance.

8. Desoription and Opepstion of the Contro) Gyre

The basic camponent of the sntamatie pilot is the
eontro + The sato-pilot contains two of thess ecasrel
@yros; namely, the turn gyro and the piteh gyro, whioh are
named for their funotion, as well as a third gyro called a
bjas gyro, the function of whioh will bde explained later.
Figure 1 shows a sketoh of the essential elements of the
control gyro; figures 2 and 3 show a photograph of a "suta-
way® oontrol gyro; and figure 4 shows a camplete control gyre.

Referring to figure 1, it is seen that the gyrosecopie
whesl (spinning about axis XIX) is mounted in a single gimbal
frems which oan rotate only about its pivots (axis Z2), A
precessional torque that will oause the gyro rotor and its
ginbal freme to rotate about the gimbal pivot axis 2§ 1is
oreated when the comtrol gyro is turned about its vertiesl
axis {axis YY). Any motion (of the glider) affeoting the
gyro must have a rotational oomponent about this axis
(axis YY), The direction in which the gyro precesses about
1ts gimbal pivos axis (axis ZZ) revisses vhensver tho
angular motion (of the glider) osusing the mau&d_n
OIOII'IDIITIAL
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Toverses; the strength of She torque oceusing the gyro %o
precess is proporticnal to the rate of the angular motioa
{of the glifer) eansing precessioa; and the precessiocmsl
Sorque persiste as long as the angular motion (of the
glider) easusing the precessiopal torque persists.

The gyro rcior is driven at a constant speed by the
astion of an air-jet upon the retor. Suetion for the purpose
of operating ths jet is produced by a wventuri tube mounted
on the outside of the glider in the wind stream. A pressure.
Tegulator on the gyro maiataiss She preesure in $he gyro -
ohsmbexr at two inches of msroury below that of the mur-
rounding atmosphere.

To obtain contrel information from the gyro, a contact
oI’ 1e fastensd riglily to the gyro gimbal frame and ie
losated between two contasts which are fastened to the gyreo
case. Rotation of the gyre gimbal frame oa ite pivots i
scastraized by these oontao$s $o less than a degres either
way from the center position that is fixed by the centering
spring. When the gyro contact arm Soushee one of ite oon-
tacte, a magnetio cluteh in a servo motor is energised. The
servo-moter then moves the oontrol surfaces of the glider im
@ direcSion that will oppose the disturbance which ceused She
gyro to make contast. It ie evideat that the gyroscople
astien, together with the "piek-off* on the contacte will
give information that ean be used to keep the glider from

CONFIDENTIAL
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changing orientation about any desired axis.

The mechanical signal resulting from the gyroscopie
action is oombined with the eleotrical signal from the radio
or other directional ocontrol device by passing the eleotriocal
control signals through the sappropriate one of two opposing
electromagasts wounted in the esontrol-gyro cass. As illus-
trated by figure 1, these electromagnets, when energised,
apply a maguetic force to the blasing lever, which in tura
mechanically transmits the force through the lever o the
gyro-rotor gimbal frams. Thus the direction in whioh the
gyro-rotor gimbal frame rotates about its pivots depends
upon the algebraic sum of the torque applied by the diasing
electromagnets and the precessional torgque applied by the
gyroscopioc action.

In one type of glider installation, the " ale ourreat
from each side of a differential amplifier is fed directly
through the gyro biasing coils. When the glider is flying
exactly on the desired course, the plate ourrent in saoh
side of the differential amplifier is the same (4 milli-
smperes); hence the magnstic pull of the two opposing
eleotromagnets on the gyro lever ara is balanced, and no
biasing torque ia tranmmitted to the gyro gimbal frame.

Por such a ocondition, the gyroscopio torques alons determine
whioch contact will be made and the glider will be made to

continue on the same oourse. If, however, the glider

CORPIDENTIAL
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deviates fram the desired sourse, the surrent in ome side of
the dirferential emplifisr 4Arops and the ocurrent in the other
s1de rises. The magnatic pull of the biasing elsctromagnets -
is then no loager balanced, and a biasing torque is trans-
mitted by the lever arm to the gyro gimbal framw. This
oauses the gimbal freme to rotate and make a contaot whioh
will csuse the glider tq corrzect for the error. As the
glidser eorrects, a precessional torgue is oreated whiesh
opposes the dlasing torque of the slestromagaets. If the
@lider responds with to6 high a rate, the gyroscople torgue
will beecme larger than the magnetis torque, and the oppoaite
€yTe contast Will be made, oansing s reversal of the controls.
The 4ifferential current of the differential amplifier
insreases graduslly as the glider deviates fram the desired
sourse until, when the latter reaches an angle off oourse of
say 8°, the differential amplifier becomes saturated, and
further deviation will not inorease the biasing torque
spplied by the biasirg electromagnets. Since the rate that
the gyro will allow the glider to respond depenis upoa the
strength of the biasing torque applied by the elsctromagnets,
the gyro allews a rate of correction that is proportiomal te
the omr in eourse uatil the ccurse error reashes the value

sorrespomding to saturatiom.

CONFPIDENTIAL
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" 8e _Desoription and Operation of the Automatic Pilot

The autamatic pilot consists of three gyrosvopio units,
oamely: the turn gyro, the pitoch gyro and the dias gyro.
These units, together with their assceiated slsotrical and
vacuum systems are mounted on a mstal auxiliary bulkhead,

The auxiliary bulkhead is mounted on the back of the main
btulkhead of the glider as shown by figure 8.

Porbaps the most important unit of the auto-pilot 1ias
the tura gyro. It is the only gyro that is needed for main-
"talning the glider in stabllized flight. The other gyro -units
are neocsssary only for the purpose of damping out osrtein |
undesirabdbls ocssillations. The turn gyro is mounted in the
glider as shown by figure 6 with its gimbal pivot axis pointing
forward and upward about 1B°., Tilting the gimbal pivot axis’
upward this amount makes the gyro, in addition to being mainly
sensitive to ths yawing or turning motion of the glider, aboud |
one fourth as ssnsitive to the rolling motion of the glider
as to the yawing motion. Closing the turn gyro contaocts
ocauses the servo-sontrol unit to move the slevons differen-

" tially and theredy producs a rolling motion of the glider.
B8inoce the gyro is linked to the servo system so that its
signals will oppose any motion which causes its rotor to
precsss, the turn gyro will endeavor to make the rates of

' roll and yaw becoms zero. Because a zero rate of yaw 1is
obtained only when the angls of bank is zero, the gyro will,
CONPIDENTIAL ' |
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: 'wim.n -’m lmw of ity ssnsitivity, meintein the glider
: i t mm ﬂigm ‘when no O@rmatims biw iz spplied
:_ _' ‘by thn mkelligsnea a@vi@m ‘Wher a .control signal from the
"lin%;ﬁl_a.s.g@m;a device oalls for a turn, the turn gyro allows

‘the glider to bank until an angle of bauk is attained at

which the glidw.'wiil sura (or 'yaw) a% & sufficient rate to

pé&viﬁﬁq ‘encugh precessiopal force for the gyre %o overcome

the magnotic blas of the intelligence signal. As long as

the blas caused by the intelligenmce signal persists, the |
augle of bank will persist. Tmus the maximm angle of bank |
of the glider will be that angle of benk whish will produce

a rate of yew sufficient to ceuse encugh preceseional foree

%o overscme thé‘mgnaii;'io bias csused by & saturated intellie

gémo signel. Since the turn gyro is aleo sensibtive to z'oll;
i% will simuitanecusly limit the rate at which the glider is
ellowed %o aésuma its final engle ‘6f veank. I% is necessery
to 1imit the rate that the glider is allowed to bank in order
te @limimté the danger ~f the glider overshooting 1ts mazimunm

angle of bank and rolling over or of developlng a violent roll

esclllation.
like the turn gyro, the pibtoh gyro is of the control gyre

ﬁypeye I% 45 mounted in the glider as shown by figure 6 8o

thed 1% 45 sengitive %o the smguler rate of piteh. Its

purpose isg to dmp pituh oseilletions. The motlon of the

elevom necesgery to ohm@ Bhe Life cmafﬁsient of the
GON’FIDENTIA‘L
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8lider (i.e. that motion where both elevoms move éither wp
or down together) is comtrclled by the piteh gyro contaots,
and the intelligence signals calling for a change of glide
path angle pass through the biasing solenocids of the piteh
gyro. The rate that the glider is allowed to piteh is _
limited by the pitcb gyro in direct proportion to the strength
of the intelligence signal bias and thus to the piteh error.
The other gyroscopic elemeant of the automatio pilot is
the bias gyro, shomn in figure 7. The bias gyro is used to
provide a dmmping effect upon the aotion of the turm syre
for the purpose of dmmping osoillations in aszimmuth about the
desired flight path. The bias gyro is of the sams type as
the other gyros except that the biasing electromagnets and
their associated mechanical linkage are omitted. It is
mounted in the glider as shown by figure 6 so that the gimbal
pivot axis is coincident with the roll axis of the glider.
When mounted in this fashion, the bias gyro is insensitive te
the roll and pitch moticn of the glider and sensitive only te
the yaw motion. Whenever the glider makes a turn manuever ia

order to correct for an azimath error in the flight path, a

ocontact is olosed in the bias gyro which osuses one of the
two biasing elsotromagnets in the turn gyro to be shunted

. w!.th. a 5000 olm resistor, theredby diminishing the strength
of the ourrent from the "homing® intelligence in that slectro-
magnet. The bias gyro always amats the turn gyro
CONFP*DENTIAL
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elestromegnet whioh corresposds to ths dirsction that the
@lider happens to be yawing at the mament. Thus the bias
gyro always feeds dack a bias which opposes the yawing mo-
tion of the glider, whichever way it may be, and owing So
its action the sense of the control impressed upon the
turn gyre by its elsotromagnets will reverse its directioa

berors the sense of the signal from the homing deviee
reversss. This antioipatory astion is very effestive 'tu'
damping yaw oseillations.

4. Detalled Desoription of the Gomtrol Gyro

The gyroscopio elsment of the soatrol gyro is the same :
as that in the standard Bendix Turm and Benk Indisator, amd
1s shown in figure 3. The gyroscopic rotor has a mament of
inertia about its spin axis of about 0.00008 slug £t2 and
is driven at a speed of about 8000 r.p.m. by the action ¢.
an air jJet striking the bmckets losated on the rim of the
rotor. The time constant of the rotor for insreasing its
speed is approximately 40 sesomis. The pressure regulater
saintains the gyro savity pressure at 3 inoches of meroury
telew the eutside stmospherie pressure. At this pressure
about 0.5 ou £ of eir per mimmte is passed through the air-
Jot nozxle and air imtake f£ilSer. The relisf wvalve in the
pressure regulator Will effésiively maintain a oomstant
cavity pressure for yates of flew thrcugh the relisf valve .

CONTPTIDERNTIAL
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of 0 to 0.7 cu ft/min. Thus effective pressure regulation
is maintained when the rate of exhmmstion from the gyro
oavity of each gyro is kept between 0.5 and 1.8 ou £t / min.}
otherwise the operating pressure will either drop appreciadly
below B inches of meroury or will rise above 3 inches of
meroury.

The gyro rotor is suspended in a gimbal frame whish .i.l
fres to turn on two gimbal-pivot bearings about an axis per-
pendioular to the axis of rotation of the wheel. The move-
ment of the gyro gimbal frame is damped by the aotion of an
air damping piston and cylinder. A contact arm is fastened
*igidly to the gimbal frame and is provided with a speoial,
coin-silver, contact button. A centering spring fastened to
the case at one end, is fastoned at the other end to the
special silver contaot. This is a dual purpose spring.
Besides providing a slight centering aotion on the gyro
gimbal frame, it also serves as the eleotrieal path from
the gyro oase to the contact arm.

Mounted on a bakelite molded end plate are two adjustable
contact assemblies whioch extend down into the gyro cavity so
that the contaots are located opposite either side of the
special ooin silver contast on the contact arm. Rotation of

the gyro gimbal frame on its pivots is mechanically stopped

"by the oontaets ﬁnnmr the contast arm "makes™ a contast.
In order to avoid contact chatter, a 0.003 inoh thiek eentast

CONFIDENTIAL
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leaf extends along the sontact fece and is fres to deflect
about 0.010 inch before it is depressed sgainst the solid
backing of the contact; bDut, because of a special hook con=
strusction, it is prevented from moving away from the contaet
more than 0.010 of an inch. In this fashion, a stable " soft®
contast is obtained. The angular rotation of the gimbal
frame from the center position required to close a contast is
gonsrally adjusted to about one-half degree. With this
adjustment of the ocontacts, a rate of turn of about 0.85
degree / seo. is sufficient to cause enough precessional
torque to overcoms the slight centering action of the center-

ing spring and cause an electrical contact to bde made.

The megnetic biasing assembly is also mounted on the
same bekelite end plate. This assembly consists of two
6000 ohm coils, wound with number 40 copper wire, which are
mounted in a magnetic frame made of an iron alloy whioch has
almost negligible hysteresis. A portion of the magnetic
frems extending over the ends of both coils is pivoted at
the center in differential relay fashion on two burnished
steel pivots. Rigldly fastened to the armature or movable
portion of the magnetic freame is a lever and fork assembly
which extends down into the gyro cavity so that the prongs
of the fork extend on either side of a burnished stud which
is riveted to the gyro gimbal frame. Whenever either of the

solenoids is energized, the armature experiences a magnetioc
CONFIDEXNTIAL
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pull which tends to cause it to rotate on its pivote. This
torqus is tranmmitted te the gyro gimbal frame by means of
the lever and fork. The strength of the bias torgue cansed
by a spseificd current in the coils can be adjusted by means
of two adjusting screws mounted in the armature which change
the size of the air gap between the pole picces of the ooils
and the magnetic portion of the armature. By means of this
sdjustment, the bias foroe resulting from saturation eur-
rent (8 milliamperes) may be edjusted to balance the pre-
ooseional torque created by any rate of turn beotween 1l and
12 degrees/sec. The lever which tranmmits the torque to the
gyro gimbal rrm has a mechanical advantage of cane~fourth,
e0 that the movement ¢f the gyro gimbal frame required to
close a contaot will cause very little change in the air gap
between the armature and the coil pole pieces. * The very

slight motion of the armature which occcurs whenever a contact

. is closed, causes the amount of magnetic flux between the
©0il pole piecee and the armature to change elightly, thus
changing the etrength of the bias foree tranamitted to the
gyro gimbal freme very slightly. The maximum "backlasl” o
change in foroe whioh can ocour ae a result of this actiea
is gonerally less than 2% of the foroe tranmmitted to the
gyro gimbal frame by a eaturated signal.
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5. Performanee

The perfermance and beshavior of the automatis pilos is
eoasideradly arfected by the aerodynamio characterietics of
$hs vehisle ia whioch it is installed, and by the type of
servo system and homing intelligence with which it 1e used.
T™he follewing desoription deals prineipally with the per-
formanes of the antomatie pilot as used in the SWOD Mark 1$
vehisle and in connection with the SWOD Mark 4 servo uait
end the SWOD Mark 2 homing intelligense. A block disgram
of the eamplete eontro) system used in the SWOD Mark 19
vehiele is shewn in figure 8.

Since the turn gyrc and the pitoh gyro are very
sensitive, a rate of roll and a rate of pitch sufficieat te
eause doth the turn gyro and thw pitch gyre to make an eles-
trieal contast is alwaye present immediately after tie
relsase of the glider from the mother plane; and a ecrrective
4isplesement of the elevone ie immediately imitiated. As
seeh as the glider responds to this ocorrective displacement
by reversing the senss ¢ either the rate of turn or the rate
of piteh, the pertinsnt gyro reverees its signal and starts
the elsvons moving in the oppoeite sense until the rate again
reverses. In thie way a foroed osscillation ie developed. I
the case of the roll etabilisation oscillation, both the
peried and the amplitude of the oscillation are little affected

uWhowmndunln«uubymomnsnonutu
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homing intelligence, dut the angle of bank about which the
glider oscillatee shifts proportionately from sero angle of
bank, when no signal for a turn ie received from the homing
intelligence, to the maximum angle of bank (say 45°) whem
the bias from the homing intelligence inoreasecs to saturatioa.

If the angle of inolination of the gyro gimbal-freme axis
with respest to the longitudinal axis of the glider ie
imereased, meking the turns gyro more sensitive %o roll, the
im0 leg of the turn gyre in responding to a reversal ia the
rato of roll of the glider ie desreased, eansing & sorrespoad-
ing deorease in the saaplitude of the roll oseillation. If, oa
the other hand, the angle of inclination of the gyro gimbal-
frame axie ie deoresased, the ampiitude of the roll ossillation
will inerease, finally reashing the point at whioh the glider
will eapeiszs. With a gyro axie inclination of 10 degrees, the
amplitude of the roll oscillation of the glider has been found
%0 be around 5 degrees and the period around 1 second.

The time lag in the g¥T0 ariees mainly from the necessity
of allowing the gyro rotoxr to precsee the gimbal freame between
1 and 2 degreee Whea travereing the epace beiwsen sontasts.

If the spaoing between the gyro contacte is increased, the
tine lag inoreases consideradly. Additional time lag is
introduced into the gontrol system by the slevon ssrvo uailt.
The servo unit lag is saused by a lag of the magnetis olutches
in responding t0 an slectrical signal from the gyro sontasts
CONFIDEBNTIAL
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amM by play in the servo unit gearing and its assoeiated
1inkage.

In am oscillatery system of thise type, it is evident
that unless the time lags of the soatrol system in responding
6 both direotions of movemsnt are the sams, a "squint® in
the average position of roll will csour. Time lags arfecting
the roll-stebilizatitn ossillation origizate mainly either im
the turn gyro or in the elevon serve unit, In the servc uais,
unbalaneed lags may be introduced by unequsl times of operatiom
of the left and riglhkt turn magnetie elutches or by unequal
amsunts of friotion in ths gearing for the left and right tura
movements of the elevans. In the gyro unit, an unbalaneed
$im0 lag may be caused dy a. statie bias coccurring when no
sigoal for a correstion is reseived from the intelligense
devies and when o rats of Sura is present to whieh the gyTe
ie sensitive. This bias may de ocsused by a mechanical um-
balance of the biasing lever and gyro movement about the
gyte, gimdal-frame, pivet axie, by the gyreo eontacte not
being evenly spaced about the spring centered position ef
the contact arm, or, furthermaore, by a bias epplied by the
biasing eleotromagnete to the gyro gimbal freme when equal
eurrents are passing through the two oppoesing elestromagnets.

Whensver for any reason the time lags of the comtrol
system for both direstions of roll are not the same, the
glider will not ossillate im roll about gero angle of bauk
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whek 0o signal is received from ths intelligence devios, dud
will oscillate about an angls of bank such thas the rate of
Yaw due to the angle of bank will ocsuse a bias just sufficiess
to balance the dias ocaused by the unbalance in time lags.

For non-homing flights, where the path is oontrolled only by
the gyro information, the maximum rate of 4rift in azimth
heading that may bs caused by unbalances in the sontrol
system is about one-half degree per second, In the oase of
homing flights, an unbalanced time lag in the oontrol systex’
oauses a oonstant angulayr error in the flight path. For a
system in which the homing intelligence saturates at 6 degrees
departure from the target line, the maximum angular exror that
say be osused by unbalances in the ocontrol aystem is adbous

1 degree .. )

The tura gyro cannot measure the angle of bank of the |
§lider direstly. It must depend upon the rate of yaw whieh
is developed for any given angle of bank to csuse a pPreces-
sional foroe im the turn gyro that will oppose the dias faree
from the homing intelligence that initiated the turn maneuver.
Thus, if it is desired that & given bias signal from the hom-
ing intelligence produce a oertain angle of bank of the
glider, it is evident that the rate of yaw of the glider for
that angle of bank must always be the sams. However, with
the glide-bomd this is not the oase. 3<n a haming flight,
the air-speed of the glider is made to change greatly; and,
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Sherefore, the rate of yaw aceampanying any given angle of
bank also changes considerably. The turn gyro must b
‘adjusted to limit the maximum rats of turn 1n secordance
with the conditions of flight giving the mimimum of maneuver-
ability. This means that for the lowsr air-spsede, the angle
of bank of the glider csused by a saturated homing intelld-
gence sigmal will de lees than it would be for the higher
air-speeds.

In addition, since the mmto-pilet must depend upon e
rate of yaw to limit the angle of bank of the glider, the
maximum rate that the giider is allowed t¢o bank Dy the tura
gyro mist be elow enough to give the rate of yaw time %S¢
develop.

The relationship between the amount of biae torgne,
transmitted to ths gyro gimbal-freme by the magnetioc dlasing
eleotromagnets, and the amount of currsnt passing through the
sleotromagnets depends upon the manner in which the diae
.ourrent is applied to the gyro. If, as was dons in ons type
of radio controlled glider, the bias ourreant is sent through
' only one of the biasing eleotramegnets at a time, then the
bias torque (and thus the rats of response psrmitted of the
sm&) varies very nearly as the square of the current pass-
. 41ng through the bias electromegnst. Thie relationship ie
shown graphically by eurvee *A" and *P* in figure 9. However,
'in She homing gliders, currents flow through both bias

CONZIDENTIAL
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electromngnets simultaneously, with the sum of the two ocupr-
rents always rémaining fixed at 8 milliamperes. The conditiom
for zero bies torgue oocurs when 4 milliamperes flow through
eash of the two opposing bias electromagnets. Then as a bias
signal is epplied and increased, the currents vary differen-
'thny. with the current in one electromagnet decreasing below
4 milliamperes and with the current in the other electramagnet
inereasing above 4 milliamperes until, at saturation, one
ourzrent falls to 0 millismperes and the other current rises
to 8 milliamperes. For this methold of spplying bias ourreats,
the bias torque transmitted to the gyro gimbal-frame varies
directly as the differentse between the currents flowing in the
two electromagnets. This relationship is shown graphically
by ourve "C* in figure 9. Curve "C" may be obtslined by adding
algebraiocally the ordinates of curve "A* and curve "P'. Sinoe
the ocurrent output of the homing intelligence device is
approximstely directly preportional to the angular exrror ia
hesding of the glider, the rats of correction permitted by the

gyro will be also directly proportional to the errcr in course.
A special Lype of iron alloy that is free from hysteresis

offects 18 used for the magnetic frame of the bias electro-
magnets in all of the production gyros. Consequently, with
shese gyros, the bias torque applied by the bias electromagnets
0 ths gyro glmbal-freme is independent of the previous history
of current flow through.the bias electromagnets; and any givea
CONFTIDENTIAL
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valus of bdias ourrent will always causs the same emount of
bias torque. However, in early experimental modsls, where
scamereial relay colls were ussd as the elsotromagnets,
hysteresis sffeots were present in some degree. While these
effsots alone were not strong enough to sericusly impair the
ascurasy of a haming flight, they were an added source of
“*squiat® errer, and they made the gyros mueh more aiffieuls
%0 adjust and calibrate at the faotory. The ourve givea ia
figare 10 shows the sffeot of hysteresis in cme of these early
experimental models upon the rate of turn pexitted by the
&YT0 ocontrol unisr the influsnce of varying amounts of bdias
ourrent, In the ocsse of the production grros, this same ourve
besomes merely a straight line as shown by surve "0O* ia
figure 9.

VWhen the bias gyro demping action is superimposed upon
the current bias supplied to the turn gyro by the homing in-
telligence, the rates of sorrection permitted by the tmrm
&¥Te are wery greatly affsoted. 7The ocurves given in figure 1}
show ths sffest of the bias gyro sunt upon the bias torque
transmitted to the gyro gimbal-frame of the turn gyro. The
abseissas are the angular srrors in heading of ths glider %
the right and to the left of the target when the homing
intelligense device is sdjusted to give saturstion, differea-
sial ourreat output for an exror of 6 degress. Ourve "M
shows the Mas tergue tranmmitted to the gimbal-frame whea
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the biss gyro shunts the right-turn electramagnet of the tara
&yro, and ourve "B shows the bias torgue transmisted to the
gimbal frame when the bias gyro shunts ths left-tura slestro- -
magnet of the turn gyro. When neither slsotromagnet is
smntsd, the dias torque tranmmitted to the gimbal-frame is
shown by the straight-lins curve (ocurve "Or) in the middle,
In the proosss of homing and damping cut a yaw osoillatioa,
the torques epplied to the turn gyro gimdal-freme follow
eurve "A* during one direction of yaw and curve "PB* duriag
the other direction of yaw. The path of successive torques
would move slookwise arcund loops of deoreasing size, moving
up along curve "B* and down along ourve "0, If thw rats of -
yaw falls below the minimum rate required to ocloss a dias gyro
contaot, then the torques will follow (im sither directiom)
the values given dy ourve "C". The ocurves shown in figure 11
are plotted on the assumption that the relationship between
the millismperes differential output from the homing imtelldi-
gonos dsvice and the angular exror in heading is strietly
linear with a sharp "outoff® at saturation.

The individual somponents of the amutomatico pilot are

sdjusted at the fastory to give the desired rates of corrmee-
tion in responss to differential currents applied to the bias
elsotromagnets. A spsoial test stand is used to sdjust and

oalibrate the camponent gyros. The stand is squipped with
the following items: s precision, variadble-speed turn-table;
CONFIDENTIAL ' :
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& soures of direct current capable of epplying any ourrent
botwesn O and '10 milliemperes to the blas electromagnets;
preaision meters for measuring the ourrent; and a sourocs of
sustisn. Figure 12 is a photogrsph of a test stand thas is
used te adjust and ealidrate the oamponent gyros. Appendix
X 15 a ocopy of the test specifiecation followed at the
Bendix Aviation Corporation, where ths produotion eomponents
of the sutomatie pilot were mumrfastured and adjusted. After
the adjustment at Sthe festery 20 further sdjustment of the
&YTo ecmponents is made at any $ime. 1In the field, a very
simple eleotrical ehsck is performsd to test the "sense” of
ths eomtrol signals sent from the sutomatie pilot to the
serve-unit ia respoase to precessionsl and homing signal
astion. At %he sams time, the auto-pilot is checked to
determine that no undne bias is present for ths condition
whep the glider 1is stationary and when equal gurrents

{¢ milliauperss) rrom the haming intelligense are flowing
Shreugh vash channel of the sutomatie piles. '
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APPENDIX X

'!_" b o 'Y
Turn_Control Gyro ZIype: 17909

Whenever the pressure and tupornturi axisting at the

time of the test is not specified definitely, it is

understood that the test is to be made at m

pressure (approximately éo.ez inches of meroury) and

at a room temporature of spproximately 20°C. When tests.

are mede at an atno-phario ‘pressure -or room temperature -

differing materially from the above values, proper al-

lowance shall be made for the difference from specified -

oconditions. . . . .

The instruments unless othnr'in specified mu bo

mounted with the Cease Filter Conneotion cpon in n

vertioal plane downward and shall not be vibrated or .

tapped while test readings are being taken. . .

NOTE: All tests shall be performed with thé ara m

under a suction of 2 inches of mercury unless othsrwise '

specified, All tests shall be made with a rouof ‘valve

installed in the instrument omse. . . . . -

Test Equipment

1. A suitable turn stand shall be used .ﬂ;r testing the
instrument such that rates of tura h'oﬂnon 10° and -

22° per minute and between 100° and 360° per mimute
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may be obtained.

A souree of direct current shall be used, capadle of
applying any ocurrent between 0 and 10 millismperes
to the electromagnets.

The current shall be capable of being applied to
either or both electromsgnets as desired. Ths oir-
ouit shall 1inoludé a milliammeter which will indicate
ourrent in the electromagnets to within 0.05 milli-
amperes. Resistances shall be arrsnged so that the
ourrent can be varied in either electromagnet to the
required amount as listed herein.

The cirocuit shall incorporate neon lights whieh will
indicate when instrument contacts are closed.

odividua) Tests
Each instrument shall be subjected tc the following tests:

1.

Static Balence: With the instrument in any operating
position and the gyro not spinning and the instrument
lightly tapped, the contacts shall not "make®.
Starting ¥riotion: With the instrument in normal
position, stationary, and not being subjected to
vibration, a suotion of not more than 0.5 inoches of

mercury shall cause the gyro to rotate,

Dynanic Balapoe: When the instrument is stationary

and in any one position with the gyro operating under

proper suction,while the instrument is lightly tapped,
CONFIDENTIAL -
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Bo instrument contact shall be made.
4. Socale t

‘e Contact Setting: With no current applied to the
electramagnets, the indicating lights shall
*make” when the instrument is rotated about its
vertical axis at the rate of turn of 11° to 16°¢
per minute. The rates of turn to the left and
right shall not differ by more than +2.4° per
mimute. The contact shall be consxidered as
"made” when the light is on 50 percent of the
time. The contact shall be considered as
"broken® when the light is off more than S50
percent of the time.
Electromagnet Balance: During this test, the
£yro shall be spinning under the operating .
suotion, but the instrument shall be stationary.
kpply 4.0 mils., current to the right eleotro-
magnet and vary the curreant in the left eleotro-
magnet until the indicating light indicates
contact. The curreant in the lsft electiromagnet
shall be within the limits specified in Table I.
Repeat the test, applying a constant current of
4.0 nils. to the left electrcmagnet and varying
the current in the right electromagnet until
contact is indiceated. The current in the right
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eleotromagnet shall be within the limits speoci-
fied in Table I and it shall not differ from the
indicated current in the left electromagnet in
the first part of this test by more than the
difference specified in Table I.

This test shall be performed and the condition
of this test’ satisfied with the instrument mounted
in two positions; in the normal position aad in a
position rotated 90* counterclockwise as viewsd
from the front.

Contro] Turm Test: With the imstrument in a
normal position, apply a current of 8.0 mils. to
the left electromagnet. Rotate the instrument to
the left about its vertical «cis. Vary the rate

' of turn until the balance point of the comtacts

is indicated. The rate of turn should not exoeed
the tolerance specified in Table I. With the
ourrent of 8.0 mils. in the right electrcmaguet,
rotate the inatrument to the right and repeat the
tedt. The rate of turn to the right should not
exseed the tolerance speoifisd in Table I.
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Pitoh Oxe

Tura Orze

a) C t Sett 11° to 16°/min. 11¢ to 16°/min.
Tence 12 .4%/min. "38.4%°/min.
b) Rleat
don 4.00 20.60 mils. 4.00 £1.00 mils.
Difference $0.10 mils. 40.30 mila.

8
m.tiﬂ 4.00 £0.60 mlls. 4.00 £1.00 nils.
Difference +0.20 mils. +0.280 mils.
o) Cogtrol Turm - 180° +10°/min. 120° 46°/min.

.8. Qsse Isak: In a suitadle manner, slose off the air in-
take and the "relief valve® counnection. The suction
conneotion shall be connected to & mepoury manameter
A suction of 10 inches of

e

and a source of suotion.
meroury shall be applied to the case. With the souree

of suction closed off, the lsvel of the mancmeter shall
not 4rop more than 0.4 inches of msroury in a period

of ons mimute. :
Alr Jlow: Oonneot the instrument to a suitable air

flow gauge. Apply a saction to the instrumests uatil
a flow of 1.0 ou. £8./min. is indicated. Buction a8
the case of the instrumest should be 2.0° +0.9% Ng
-0.0 Hg '

IV. Zype Tests -
The following tests shall be performed on at least five

. out of every five undred instruments ar fractios thereot
CONFIDENTIAL




CONPIDENTIAL
-8 -

Remtastured. Tests ahall be performed in the following
oxders

1.

Jowu Tegpergture: The instrument shall bs subjected te
& tempereture of -50°0C. for three hours. With the
Sempersture maintained at -80°C., the instrument shall
b8 subjected to the following tests:

a. Gontest Setting: The instrument shall be tested
for ocontast setting in the same manner as specified
in Bection III, part 4a. The rate of turm to the
left and right aball not exceed the wvalue specified
in Table II. The difference between the rates of
turn to the left and right shall not exceed the
tolerance given in Tadble II.

Eeotromasnet Palgnoe: The instrument shall W
tested for elestramagnet dalamoe in the aocrmal
position only and in a manner similer to Seotion
I1I, part 4b. The biasing currents to cperats the
loft and right contects ahall be within the limits
~ spesified in Table 1I, whea the current in the
opposite electramsgnet is maintained at 4.0 mils.
Ths indicated currents far left apd right electro-
magnets shall not differ by more than the differ-
ence specified in Table II.
Soptrol Furn: The instrument shall be tested ia
the sanper similer to Seotion III, part 40, exoeps
CONFIDENTIAL
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that the rate of turn shall be within the limits

speoified in Tadle II. 7The rates of turn for

left and right turn shall not differ by move them

the tolerance specified in Tedls II.

b - low To

2wrn Gyze Bitoh Oyxe

b5 A el e
b) Eleot t

ation 4.00 10.90 mils. 4.00 11.5 mils.
Difference 0.8 nils. 40.50 mila.

°) Conppol-RNm. o R
8. High Temperature: With the gyro not operating, the in-
strument shall be sudbjected to a tampesrature of +71°0,
for a period of two hours. No damage to the instrumeat
shall result from this test. _
¥Yibration: With the gyro operating but no surrent ia
the electramagnets or contacts, the instrument shall :
be mounted on a vibrstion stand whioch can vibrate at
a frequency of 300 to 8000 CAM and which can cause a
point on the instrument case to describe a circle of
0.003" to 0.005* diameter in & plane 43° from verti-
ocal, The instruments shall be vidbrated for a period
of three hours at 1300 CEM and shall desoribe a cirels
of 0.003* to 0.008% dlameter. No damage shall result
from this test.
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Sople Exyor: Following the high temperature amd
vibration tests, the unit shall be subjected to tlw
following tests in a mennsr similar to Section III.

a. Qoptget Setting: The instrument shall be tested
for contact sstting in the same manner as speci-
fied in Section IXII, part 4a. The rates of tum
to the left'and right shall de within the limits
specified in Tadble III. The difference betweea
she rates of turn to the laft and right shall nos
Oniol the tolerance speocified in Table IIXI.
Reotromagnet Balapge: The instruments shall be
tested for electromagnet balance in two positioas
in a menner similar to Seotiocn I1I, part 4b.

The ocurrent to operate the left and right contacts
shall de within the limits specified in Table IIX
when the current in the opposite slectromsgnet is
maintained at 4.0 mils. 7The blasing currents for
the laft and right elsotromagnets shall not differ
by more than the differencs specified in Table IXI.
Gontiol Turm: The instruments shall be tested ia
e manner similar to Seoction IXII, part 40, except
that the rate of turn shall be within the limits
specified in Tadle III. The rates of turn for
left and right turn shall not daiffer dy more tham
the Sclerance allowed in Teble IXI.
CONPIDENTIAL
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Jype: 2700

Whenever the pressure and temperature existing at the
time of the test is not specified definitely, it is
understood that the test is to be mads at atmospherie
pressure (approximately 29.98 inohes of meroury) and
«t a room tesmperature of approximately 80°C, When tests
are made at an atmospherie pressure Or room tempersture
differing materially from the above values, propsr ale
lowanos shall be mede for the difference from specified
sonditions.

The instruments shall be mounted with the axis of the
oase filter opening in a vertioal plans up, and unless :

otherwise specified, shall act be vibrated or tapped
while test readings are being taken.

NOFE: All tests will be performed with the gyro operas-
ing under a suotion of 2 inches of meroury unless
otberwise specified. All tests sball be made with a

relief valwe installed in the ocase.
Test Bquinment
1. A suitabls turn stand shall be used for testiang the
instrument such that rates of turn between 8° and
S8° per minuts may be obdtained.
8. The eirouit shall incorporate nmeon lights whioh will
CONFIDENTIALYL
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indicats when iastrument costacts are e¢lesed.

I, ZeAlvidusl Tests
The following tests shall be performed on eash unit:

b

Btatioc Balance: With the instrument in any operating -
position and the gyro aot spinning and the inatzwment
1ightly tapped, the contacts shall not *make.
Stearting Frigtjon: With the imstrumsnt ia aommal
position, statiomary, and not being subjected to
vidratiocn, a sustion of not more than 0.5 inches

of meroury shall cause the gyro to rotate.

Dynamio Bglance: When the instrument is statiomary

and in any one position with the gyro opsrating under
proper suction, while the instrument is lightly Sagped,
no iastrument sontast shall de made.

Soals Frror Test: The indicating ligbts shall "make® : -

. when the instrumeat is rotated about its wvertiocsl exis

at a rate of tura between 8° per mimute and 16° per
minuse. The rates of turn te the left and right shall

. pot differ by more than i2.4° per mimute. The combest

shall be considered as made whea the light is eu 80
pereent of the tims. The eomtast shall be comsidered
as *broket” mnmmtuortmmu_m.

‘of the time.

6. Case Issk: In a suitadble mammer, close off the air

intake end the Telief valve coumeetion. The swetica
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ecansction shall be connected t0 a meroury mandmeter
and a source of suction. A suction of 10 inches of
meroury shall be applied to the ocase. With the
source of suction elosed off, the level of the
sanometer shall not drop more than 0.4 inebes of
maroury in a period of one mimute.

Alr _Flow: OCoansct the instrument to a suitable air
flow gamuge. Apply a motion to the instrument until
a flow of 1.0 cu. £'8./min. is indicated. Suction at
the cass of the iastrumeat should be 3.0 Eg +0.9° Iig
=-0.0 Bg

Ixpe Jemte

The following tests ahall be performed on st least five

out of every five hunired instruments or frastion thereot

samtestured. Tests shall be performed in the following

ondezxs .

1. Jow Swperatyre: The instrument shall be subjected
4o @ tampersture of -50°C. for three hours. With the
Stemperature maintained, the instrument shall be tested
in the seme manner as specified in Section 3, parts 4.
he retes of tura t0 the lerft and right shall 1ot ez~
esed 22° per mimmte. The difference between the rates
of turn to the 1ef% and right shall nct exoeed +4.8°
por mimmte .

8. K Tumarstare: The imstrument with she gyro aod
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operating shall be subjected to a temperature of
+71¢C. for a period of two hours. No damage to the
instrunent shall result from this test.

Yidration: The instrument with the gyro opereting
shall be mounted on a vibration stand which can vi-
brate at a frequency of 500 to 8000 CFM, and whish
oan oause a point on the inetrument case to desoridbe
a oircle of 0.002* to 0.005" in a plane 48° from
vertical. The instrument shall be vibrated for a
period of three hours at 1300 CFM and shall desorive
a oircle of 0.003* to 0.003" dimmeter. Ko damage
sball result from this test.

Scgle Error: Following the high temperature and
vibration tests, the unit shall be tested for contact
setting in a manner similar to Section 3, part 4,
exoept that the indiocating lights shall "make” when
the u-m is rotated about its vertical axis at
a rate of turn not exceeding 18° per mimute. The
rates of tura to the lsft and right shall not differ
by more than 13.0° per mimte.
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FiG. 60 Orientation of Turn Gyro

FiG. 6b Orientation of -Pitch Gyro

A
=

Fi8. 6¢C Orientotion of Bios Gyro

POSITION OF GYROS IN GLIDER
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Ourves shoving rate of tum L
pernitted W gyresespic ssatmed
as & funstion of the Vias eurremé,
applisd ia the fellsvwing mammer:

Ourve A - Qurreat flaving through
alestremagnet A% ouly,

Ourve B - Ourrent fleviag Shrough
slestremagnst *» ealy,

Ourve € = Ourrent fleving
both elestremagaste °.
and "3* vith the emm
alvaye oqual $o § ailll-
angeres.
® gurreat in destremagnet "A°
® gurrest in clestremagnet D

FiG. 9

il =8 v 2R =4




Hystereeis ia aa early
sxperimsntal medsl of the
Oontrel 8yve. _J

6 8
2 i o

Sasve choving rate of turs Sb
pernitted ¥y gyrossopio ocom~
tyvel as a funstion of the
difference in the curremt ia

the clectremagnet, the sum of
the curreats remaianing censtant,
Suocessive polats vers ebiained
in ths Airection of the arrows,
The differencs in curves obtained
in the tw directions is dme %0
hystaresis iz the magnetio ol
ouis,

Ip * ocurrent ia clectemagnet A,
:, = gurreat ia electremagaet B,
s * I3 = 8 nilliamperes.
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/ +3° +6° +

Left Yaw Error
(target to right)

Oarves showing the effect of the
dias gre shuat (%000 ohms) wpon
the bias torqus of the tura grro
sloctromagnet (6000 ohms) for
different amousis of yaw erver
4in the heading of the glider.

Positive values of ordiaatss are
sorques tending to causs & right
turn,

Negative values of ordimates are
torgues teading te esuse & left
turn.
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An automatic pillot developsd by the Natilonal Bureau of Standerds for homing glide bombs
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Burean of Standards 1s also discussed.

T-2, HQ, AIR MATERIEL COMMAND Z& ECHNICAL []NDEX WRIGKT FIELD, OMIO, USAAF N Al
CORFIOENTIAL o011 MAR @ 1388




DEPARTMENT OF DEFENSE
WASHINGTON HEADQUARTERS SERVICES

1185 DEFENSE PENTAGON
WASHINGTON, DC 20301-1155

Subject: OSD MDR Case 12-M-1567

Dear [

We have reviewed the enclosed document in consultation with the Department of the

Navy and bave declassified it in {ull. If you have any questions, contact me by e-mail at
Records.Declassification@whs.mil or by phone at 571-372-0483,

Sincerely,

(ﬂgj)l&u Es 8\(%\_%.

Robert Storer
Chief, Records and Declassification Division
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I. MDR request
2. Document 0
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WASHINGTON HEADQUARTERS SERVICES

1155 DEFENSE PENTAGON
WASHINGTON, DC 20301-1155

MEMORANDUM FOR DEFENSE TECHNICAL INFORMATION CENTER
(ATTN: WILLIAM B. BUSH) E ‘" JMN 01
8725 JOHN J. KINGMAN ROAD, STE 0944
FT. BELVIOR, VA 22060-6218
SUBJECT: OSD MDR Case 12-M-1567
At the request of [} ]E. v < have conducted a Mandatory Declassification *
Review of the attached document under the provisions of Executive Order 13526, section 3.5, for
public release. We have declassified the document in full. We have attached a copy of our
response to the requester on the attached Compact Disc (CD). If you have any questions, contact

me by e-mail at storer.robert@whs.mil, robert.storer@whs.smil.mil, or robert.storer@osdj.ic.gov

or by phone at 571-372-0483.

Robert Storer

Chief, Records and Declassification Division
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